
Ⅱ-9. Instrumentation

- 190 -

RIKEN Accel. Prog. Rep. 47 (2014)

Proton polarization in photo-excited aromatic molecule at room
temperature enhanced by intense optical source and temperature

control†
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For the study of unstable nuclei with polarization
observables, we have constructed a solid polarized
proton target1) based on the electron polarization in
photo-excited aromatic molecules. Proton polarization
of about 20 percent has been obtained at a tempera-
ture of 100 K, which is much higher than that under
conventional conditions. The target has been success-
fully applied to several RI-beam experiments2) carried
out at intermediate energies of several tens to a few
hundred MeV/nucleon. One of the future directions of
this research is conducting experiments at low energies
of several to a few tens of MeV/nucleon. This will open
up new possibilities such as resonant scattering and po-
larization transfer to embedded RIs. For such appli-
cations, the target should be placed in a vacuum envi-
ronment and be polarized at room temperature. In our
previous measurement at room temperature, a polar-
ization of 4.8±1.2% was achieved by using p-terphenyl
as the material. The aim of the present work is to
investigate the possibility of achieving a high proton
polarization of 30 percent for application to scattering
experiments.

The magnitude of the polarization is expressed as
Pp = APe/(A + Γ). Here, Pe is the electron polariza-
tion, A is the build-up rate, and Γ is the relaxation
rate. In order to achieve a high polarization, we need
to increase A and Pe or decrease Γ. To enhance the
build-up rate A, we should increase the laser power for
photo-excitation. However, in Iinuma et al.3) reported
that a high laser power does not necessarily lead to
a high polarization. This is considered to be because
of the temperature rise of the sample. At tempera-
tures higher than 300 K, the intrinsic relaxation rate
Γint rapidly increases4) because of the molecular mo-
tion. Thus, it is expected that the polarization can be
enhanced by using an intense optical source with the
sample temperature controlled at T ∼300 K.
The sample used in the present work is a single crys-

tal of p-terphenyl doped with pentacene molecules with
a concentration of 0.005 mol%. The target tempera-
ture was monitored with a platinum resistance ther-
mometer. The temperature of the crystal was con-
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trolled by flowing cold N2 gas. For the light source, we
used an Ar ion laser with a wavelength of 514 nm.

The polarization was measured under two different
conditions. The first condition (averaged laser power
of 80 mW, w/o temperature control) is the same as
that used in our previous measurement, where a po-
larization of 4.8% was achieved. The other condition
(1.5 W, w/ temp. control), referred to as “present,”
was also considered. The time evolution of the polar-
ization is shown in Fig. 1. In the present condition, the
polarization is enhanced by a factor of three as com-
pared with the polarization under the first condition.
Although the absolute measurement is to be done in
the future, the magnitude of achieved polarization cor-
responds to about 15% if we assume the polarization
of 4.8% in the previous condition.

Fig. 1. Time evolution of proton polarization.

Finally, it should be mentioned that optimization of
the time structure of the laser pulse would enhance
the polarization rate APe by a factor of ∼5 without in-
creasing the relaxation rate Γ (see Ref.5)). Thus, such
optimization would almost directly improve the magni-
tude of polarization. Room-temperature polarization
of 30 percent would be realized by combining a high
power laser with a wavelength of ∼590 nm, through
optimization of laser pulse structure, and employing a
sophisticated temperature control system.
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Dynamic nuclear polarization with photoexcited triplet electrons in a
glassy matrix†
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In this decade, dynamic nuclear polarization (DNP)
using equilibrated electron spin has attracted consid-
erable attention in the fields of NMR spectroscopy and
MRI as a method to enhance sensitivity.1) The inten-
sity of a signal from nuclear spins is proportional to the
spin polarization. DNP is a means of transferring spin
polarization from electrons to nuclei, and the equili-
brated polarization of electron spins is 660 times larger
than that of 1H spins. Developing special peripheral
equipment, we are able to combine hyperpolarization
at cryogenic temperatures around liquid helium tem-
perature with high-resolution NMR spectroscopy or
MRI. For such applications, the sample preparation
method which materials of interest are codoped into a
glassy matrix together with free radicals is one of the
most important factors in terms of versatility.

On the other hand, by using single crystal of organic
molecules, we have developed a polarized solid-state
target with DNP using photoexcited triplet electron
spin (triplet-DNP) of pentacene.2) The polarization of
such non-equilibrated electron spins is more than 70%
independent of temperature and magnetic field. Using
this method, we can overcome the upper limit (660) of
the polarization enhancement factor achieved by con-
ventional DNP. Herein, we report the first demonstra-
tion of triplet-DNP in a glassy matrix for application
in NMR spectroscopy and MRI.

We applied two types of host molecules that have
higher glass transition temperature than convention-
ally used glasses. One is a non-polar molecule, o-
terphenyl (OTP).3) The other is a polar molecule, ben-
zophenone (BZP).4) Using partially deuterated OTP
and BZP as host materials, we obtained 1.5% and
0.7% 1H spin polarization under 0.4 T at 120 K, re-
spectively (Fig. 1). The enhancement factor for OTP
and BZP was 4,250 and 1,900, respectively. We have
also succeeded in polarizing third molecules, 2, 3, 4-
trifluorobenzoic acid and 5-fluorouracil, codoped into
a glassy matrix with polarizing agent (Fig. 2). 19F
spin in the thrid molecules were polarized using the
field cycling method.5)

The use of photoexcited triplet electrons is a promis-
ing method to extend the limitation of DNP to higher
temperatures. If hyperpolarization can be achieved
above liquid nitrogen temperature, the peripheral
equipment and the experiments for spectroscopy will
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Fig. 1. 1H spin polarization buildup curves for (a) partially

deuterated OTP ([D14]OTP/OTP=90:10 wt%) and (b)

partially deuterated BZP ([D10]BZP/BZP=90:10 wt%)

doped with 0.05 mol% pentacene.

Fig. 2. Polarized 19F NMR spectra of (a) 2,3,4-

trifluorobenzoic acid and (b) 5-fluorouracil in glassy

matrices. After DNP for 3 min and field cycling, the 19F

NMR signals were acquired. The NMR signals of the

samples under 0.40 T at 120 K in thermal equilibrium

are also shown.

be simplified, and the application field will be broad-
ened. There are many samples of interest for which a
higher temperature is preferable. DNP using photoex-
cited triplet electrons has the potential to significantly
enhance the NMR/MRI sensitivity while the sample is
kept at room temperature.
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